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Fermi Theory of Beta Decay

8§ Fourfermion interaction explained beta decay before
electroweak theory was proposed
X New operators in effective lownergy theories

§ Electroweak theory adds 3 vector bosons
X WandZ bosons directly detected later at CERN
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What You See/How You Look
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Neutron Beta Decay

§ Experiments measure the total neutron decay rate
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BSM Interactions

8 Theoreticallyb and B, are related to new interactions:
the scalar and tensor
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x W andU are related to the masses of the A@N-scale particles

X e but the unknowgsyacemeegedi ng
X These ar@monperturbativéunctions of the neutron structure,

described by quantuahromodynamic$¢QCD)
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Physics Program

§ Glven precisiogsrandb, B;,
we can predict possible new particles
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Current Constraints

8§ Given precisioggs; and Ggg),, predict newphysics scales

Nuclear Exq OBSM_ fo(UsT gsT) %— Model input
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Reach of UCN Experiments

8§ Given precisioggs; and Ggg),, predict newphysics scales

New UCN EXE OBSM_ fo(UsTgsT) %— Model input
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Crucial Role of Theory

8§ Given precisioggs; and Ggg),, predict newphysics scales
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High -Energy Constraints

§ Constraints from higlenergy experiments?
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Lattice QCD Progress

§ Lattice uncertainties: quark field. =5 i a |

X Statistical noise N H" i

X Unphysical scales, L . eE——

x Extrapolation tdv. gluon field L
XY Z

§ Computational costs | P =

X Scaling:a (9, L5 M! 4 . — \

8 Most major 2+Xflavor gauge ensemblebi- < 200 MeV
X Now including physical pioimass ensembles

§ Charm dynamics: 2+14ffavor gauge ensembles
X MILC (HISQ), ETMC (TMW)

§ Pionrmass extrapolatioM- © (M-)
(Bonus productdow-energy constanys
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The Trouble with Nucleons

§ Difficulties in Euclidean space

§ Exponentially worse sign@-noise ratios
x Consider a baryon correlatér= AOE=Ajqq(t) d&dfe (ED )
X Variance (noise squared) 6f ADOE AOR

What you want:  What you get;
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The Trouble with Nucleons

§ Difficulties in Euclidean space

§ Exponentially worse sign@-noise ratios
x Consider a baryon correlatér= AOE=Ajqq(t) d&dfe (ED )
X Variance (noise squared) 6f ADOE AOR

What you want:  What you get;

>
N . e
> >
:":'1
NIt~
- -
- :":i

X Signal falls exponentially as ™¢

X Noise falls ag /2mt

X Problemworsens with:
Increasing baryon number
decreasing quark (pipmass
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